1. Introduction
===============

Chronic Renal Failure (CRF) is a serious result of a severe paediatric congenital and/or acquired kidney diseases. In the most severe cases it often leads to the need for hemodialysis, which presents further complications for the patients' clinical outcome. CRF compromises children's growth and puberty, glycometabolic and lipid homeostasis, nutritional health status, and the endocrine profile ([@b1-epj-08-2595]). Resistin is a cysteine-rich plasma protein (CRISPs), which belongs to a family of polypeptides compounds called resistin-like molecules that are integral in regulating energy homeostasis and carbohydrate-lipid metabolism ([@b2-epj-08-2595]). Serum levels of certain cell signaling proteins (adipocytokines) are altered by renal failure and this may have important metabolic implications given that the dramatic effect that such a loss of renal mass may have on the serum elimination of these substances, immediate associations between these adipocytokines and adipose tissue are not evident in all CRF patients. The altered adipocytokine balance in CRF patients may not only contribute to metabolic disturbances in the regulation of glucose as well as in lipid metabolism, but they may also play a part in the development of insulin resistance, inflammation, and atherosclerosis ([@b3-epj-08-2595]). The objectives of this research were to identify the typical serum concentrations of resistin in children with CRF and ESRD, to investigate the potential effects of HD on serum resistin levels, and to determine if any statistically significant correlation exists between resistin and growth retardation in patients with CRF.

2. Material and Methods
=======================

2.1. Study design
-----------------

For this case control study, 50 children with CRF were selected from the pediatric HD unit of Benha and Menoufia University hospitals and 30 apparently healthy children were selected to constitute the control group from April 2014 to March 2015. The study was approved by ethical committee at Faculty of Medicine, Benha University.

2.2. Subjects
-------------

The participants were divided into 2 groups consisting of the case groups and the control groups. Case (patient) group, consisted of 50 children who were diagnosed as CRF and divided as: A) 25 patients undergoing regular HD, consisting of 12 males and 13 females aged 6 to 18 years, and B) 25 patients undergoing conservative treatment, consisting of 15 males and 10 females aged from 6 to 18 years. As well, 30 apparently healthy children of matched age and sex, 19 males and 11 females aged from 6 to 18 years, constituted the control group.

2.3. Inclusion and exclusion criteria
-------------------------------------

This study's cases were selected in accordance with the following inclusion and exclusion criteria. The inclusion criteria for participants were that they were patients with CRF (eGFR 20--75 ml/min/1.73m^2^) or that they were under dialysis and were from the ages of 6 to 18 years. Patient participants were excluded from this study if they had any other medical conditions that could possibly affect their resistin level. Therefore, patients were excluded if they had a severe infection such as peritonitis or sepsis, were undergoing treatment that would lead to anorexia or growth retardation except for CRF, had any medical history of disease that could affect liver function, had tumors, had congestive heart failure, were receiving immunosuppressive treatment, or were taking steroids.

2.4. Methods
------------

All groups were required to provide a full medical history with special stress on the cause of the chronic renal impairment, disease duration, dialysis duration, dietetic history, and type of filter that is used for their hemodialysis. Their clinical examination and the anthropometric measures were taken, which included weight, height and body mass index (BMI) and subsequently the results were used to populate matricies showing percentiles for the categories of age and sex. The laboratory analyses that were conducted included serum urea, serum creatinine, estimation of glomerular filtration rate (GFR), and serum resistin.

2.5. Statistical Analysis
-------------------------

This study's results were organized, tabulated, and statistically analyzed using SPSS version 16 (SPSS Inc., Chicago, Illinois, USA). The researchers chose to use t-test, Mann-Whitney U Test, and Chi square test for data analysis.

3. Results
==========

Upon examining the socio-demographic data from the patients in our study, it revealed that there was no significant difference between the three groups with regard to age and sex (p value = 0.16 and 0.49 respectively) as shown in [Table 1](#t1-epj-08-2595){ref-type="table"}. Comparing the resistin level between patient and control groups revealed that there was a highly significant statistical difference between the two groups with a mean level of 20.2 ± 7.58 ng/ml in the patient group as compared to 4.9 ± 1.72 ng/ml in the control group (p\< 0.001) as shown in [Table 2](#t2-epj-08-2595){ref-type="table"}. The reserachers also found that there is a highly significant statistical difference in the resistin level with respect to the CKD stage as shown in [Table 3](#t3-epj-08-2595){ref-type="table"} and [Figure 1](#f1-epj-08-2595){ref-type="fig"} since patients on regular HD typically have a resistin level with a mean of 24.6 ± 7.28 ng/ml while CKD patients who are under conservative treatment tend to have a resistin level with a mean of 15.6 ± 4.72 ng/ml (p\< 0.001). In the group receiving hemodyalisis, there were found to be some highly significant negative correlations between serum resistin and BMI, with the BMI percentile being (r= −0.704, p\< 0.001) and (r= −0.639, p\< 0.001) while there was also found to be some significant negative correlations between the serum resistin and weight, as well as serum resistin and height.

The weight percentile and height percentile were found to be (r= −451, p= 0.024), (r= −0.398, p= 0.048); and the serum resistin and height percentiles were found to be (r= −0.469, p= 0.018), and (r= −0.40, p= 0.043). On the other hand, in the conservative group there was significant negative correlation with regard to weight, BMI, weight percentile, BMI percentile (r= −0.487, p= 0.016), (r= −0,507, p=0.01), as well as (r= −0.491, p= 0.013) and (r= −0.442, p= 0.027) respectively. But, there was a non-significant negative correlation as regard to height and height percentile (r= −0.0296, p= 0.15) and (r= −0.146, p= 0.027) as shown in [Table 4](#t4-epj-08-2595){ref-type="table"}. With regard to the correlation between resistin level and renal function tests among CKD patients, the researchers found, as [Table 5](#t5-epj-08-2595){ref-type="table"} illustrates, that in the hemodialysis group, there was found to be a highly significant correlation between resistin and the estimated Glomerular Filtration Rate (eGFR), a non-significant negative correlation between the resistin and the duration of hemodialysis and a non-significant positive correlation between resistin and both urea and creatinine (p\< 0.001, p= 0.23, p= 0.69, and p= 0.53 respectively); while in the conservative group, there was found to be a significant negative correlation between resistin and the eGFR as well as a non-significant positive correlation between resistin and both urea and creatinine (p= 0.014, p= 0.6, p= 0.17 respectively) as shown in [Table 5](#t5-epj-08-2595){ref-type="table"}. With regard to the influence of hemodialysis on serum resistin levels, we found that there was a highly significant difference in the resistin levels before in comparision to after hemodialysis in dialysis patients and a highly significant difference in the resistin levels before dialysis among dialysis patients within the control group. Additionally, there was a highly significant difference in the resistin level after dialysis among dialysis patients within the control group.

4. Discussion
=============

CKD is a worldwide public health concern and is a major risk factor for the development of ESRD, cardiovascular events, and a host of other complications that can encourage the likelihood of premature death. Identifying and treating the risk factors for this medical condition is certainly a valuable approach to discourage such a devastating clinical outcome ([@b4-epj-08-2595]). Recently, newly recognized molecules that are secreted by adipose tissue and have come to be known as adipokines, have been linked to the incidence of CKD. Among these signal molecules is resistin, a 12.5 kDa cysteine-rich protein (CRISP), which is also coinsidentally and abundantly secreted by macrophages. According to the literature, high serum resistin levels have been associated with kidney dysfunction, including low GFR ([@b1-epj-08-2595]). With regard to socio-demographic factors, this study has uncovered that among the 50 patient case group that was investigated, there were 27 male patients constituting 54% and 23 female patients constituting 46% of the patient case group. This study's results coincide with Naseri ([@b5-epj-08-2595]) who found that the gender distribution among CRF patients was 58.7% for males and 41.3% for females. Additionally, this study concurs with Pruthi ([@b6-epj-08-2595]) who found that the gender distribution among CRF patients was 57.7% for males and 42.3% for females. On the contrary, Nusken ([@b7-epj-08-2595]) found in his small-sized study on 15 patients with ESRD who were treated by HD that the percentage of male patients was 38.4% and percentage of female patients was 61.6%. With regard to the resistin levels in our study, the serum resistin levels were found to be significantly higher in patients with CRF (20.2 ± 7.58 ng/ml) than in the case control group (4.9 ± 1.72 ng/ml) (p \< 0,001), and they were also found to be significantly higher in patients with ESRD on regular HD (24.6 ± 7.28 ng/ml) than in patients on conservative therapy (15.6 ± 4.72 ng/ml) (p \< 0.001). As well, there was a significant difference between their levels before and after the HD session in group 1A, and yet there was still a significant difference between the resistin levels after the HD session in group 1A as when this group is compared to the levels in group 2 (p \< 0.001). The elevated resistin level in patients as compared to the controls is small, but slightly higher than what was obtained by Nehus ([@b8-epj-08-2595]) who found that resistin level had a mean of 18.7 ng/ml. As well, this research investigation agrees with the results obtained by Malyszko ([@b9-epj-08-2595]) and Diez ([@b10-epj-08-2595]) who found that the resistin level is markedly elevated in CKD patients in relation to healthy children. Malyszko and Diez stated that the kidney is an important location for resistin elimination from the body. Higher resistin levels were found in patients who were on regular HD than those patients who were placed under conservative treatment. This finding was quite similar to those obtained by Axelsson ([@b3-epj-08-2595]) who demonstrated that resistin levels are higher in children with CKD under regular HD when compared to those with CKD under a conservative treatment. In their study, Axelsson found that the mean of resistin level was 39.9 ± 1.3 ng/ml in HD patients and 23.2 ± 1.0 ng/ml for patients in the conservative group. In contrast, this research study conflicted in its findings with Maggio ([@b1-epj-08-2595]) who found that there was no statistically significant difference in the resistin levels in pediatric patients with CKD versus case controls as well Maggio reported that normal levels of resistin were found in their patients and that this was simply an expression of an adequate nutritional and metabolic status in addition to acontrolled inflammatory state; therefore, resistin could be a useful diagnostic indicator for the follow-up of these patients.

In this study in the HD group, highly significant negative correlations were found between the serum resistin and both BMI and the BMI percentile was (r=−0.704, p \<0.001) and (r=−0.639, p \< 0.001); while there were significant negative correlations between the serum resistin and the weight, height, and the weight percentile and the height percentile (r= −451, p= 0.024), (r = −0.398, p= 0.048), (r= −0.469, p= 0.018) and (r= −0.40, p= 0.043) respectively. On the other hand, in the conservative group, there was found to be a significant negative correlation with regard to weight, BMI, the weight percentile, the BMI percentile (r= − 0.487, p= 0.016), (r= −0.507, p= 0.01), (r= −0.491, p= 0.013) and (r= −0.442, p= 0.027) respectively. However, there was non-significant negative correlation with regard to the height and the height percentile (r= −0.0296, p= 0.15) and (r= −0.146, p= 0.027). This research study's results were supported by Yannakoulia ([@b11-epj-08-2595]) who studied the dynamic between the resistin level and body fat mass in healthy individuals and reported that serum resistin levels were negatively correlated with BMI and body fat in young participants. This study's results were also supported by Youn ([@b12-epj-08-2595]) who found that plasma the resistin concentrations demonstrated a negative correlation with BMI. Also, Briffa ([@b13-epj-08-2595]) and Dan ([@b14-epj-08-2595]) reported a negatively significant correlation between the serum resistin levels and BMI. Briffa and Dan submitted that resistin has been shown to be influenced by BMI. In the study conducted by Maggio ([@b1-epj-08-2595]), they found that 13% of patients with CKD had a BMI \< 10th percentile, 58% had a BMI between the 10th--85th percentile and 23% had BMI \> 85th percentile in contrast to our study's findings. Yet, it is important to point out that, there was no statistically significant difference in resistin levels between CKD patients versus controls. In contrast to our study, Nehus ([@b8-epj-08-2595]) reported that that the resistin level is correlated to patient's maturational development rather than with their anthropometric parameters, such as age and BMI. Additioanlly, Silha ([@b15-epj-08-2595]) found that resistin did not correlate at all with BMI when looking at the correlation between resistin and kidney functions tests in CRF patients. Contrastingly, in this present study, we found that within the HD group, there was a highly significant correlation between resistin levels and eGFR, while there were non-significant negative correlations between resistin and duration of dialysis and a non-significant positive correlation between resistin and both urea and creatinine(p \<0.001, p =0.23, p =0.69, and p =0.53, respectively). While in the conservative group, there was found to be a significant negative correlation between resistin and eGFR as well as a non-significant positive correlation between resistin and both urea and creatinine (p= 0.014, p= 0.6, and p= 0.17, respectively). The present study coincides with the findings of Maggio ([@b1-epj-08-2595]) who suggested that serum resistin levels tend to increase as the levels of GFR decrease, which is involved in the milieu of inflammatory response that is present in CRF. This present study also agreed with the research conducted by Nehus ([@b8-epj-08-2595]) whose findings showed that serum resistin level tend to increase with progressively declining kidney function in children with CKD. Likewise, our study concurs with Zein ([@b16-epj-08-2595]) who found that there was a non-significant positive correlation between resistin level and serum creatinine (r= 0.092, p= 0.574) level, nevertheless in contrast to our study, their results demonstrated that there was a positive correlation between resistin level and the duration of HD (r= 0.351, p= 0.027). In agreement with this study's results, Pilz ([@b17-epj-08-2595]) found that resistin plasma concentration was, in fact, correlated with urea and creatinine. In addition, Axelsson ([@b3-epj-08-2595]) found that elevated serum resistin levels in CKD can be associated with decreased eGFR since they reported that there was highly statistically negative correlation between serum resistin and eGFR (r= −0.54, p\< 0.001). Similarly Nehus ([@b8-epj-08-2595]) reported that serum resistin levels were negatively correlated with GFR (P\< 0.01). Just like Kielstien ([@b18-epj-08-2595]) who concluded that serum resistin levels tended to increase with progressive impairment of renal function and that resistin plasma concentrations were significantly negatively correlated to the GFR. Therefore, it is supported by extant research studies that the kidney is generally considered to be an important site for Resistin elimination.

With reference to the influence of HD on resistin levels, this study found that there was a highly significant difference in resistin levels when comparing before (mean= 24.6 ± 7.28) and after hemodialysis (mean = 14.7 ± 5.2) in HD patients (p\< 0.001) and highly a significant difference in resistin levels before dialysis among HD patients as compated with the controls (mean= 4.9 ± 1.72; p\< 0.001). Moreover, there was highly significant difference in the resistin levels after dialysis among HD patients as compared to the controls (p\< 0.001). Filippidis ([@b19-epj-08-2595]) concurred with our study in that the pre-dialysis resistin serum levels were significantly greater in HD patients as compared to healthy case controls; however, he disagreed with our study in that HD did not modify resistin levels, since the pre- and post-dialysis levels were found to be the same when corrected for hemoconcentration. The difference between our results and those that were gathered by Filippidis ([@b19-epj-08-2595]) could be a result of the difference in the type of the dialyzing membrane used in the HD sessions since in our study, we used filter called "Fresenius Polysulfone® based dialysers" while Filippidis used a modified cellulose membrane in their study. Fresenius Polysulfone Low-Flux Filters are more effective than modified cellulose membrane as Carracedo ([@b20-epj-08-2595]) and Horl ([@b21-epj-08-2595]) reported that such cellulose filters can induce inflammatory reactions in certain patients, complement activation, and produce pro-inflammatory cytokines and interleukines such as IL-1β and TNF-α, furthermore Bowry ([@b22-epj-08-2595]) documented that polysufone dialyzers have definite intrinsic biocomptability, low cytotoxicity and efficient removal of broad spectrum of uremic toxins. Additionally in their research, Nusken ([@b7-epj-08-2595]) found that serum resistin levels tended to be higher in HD compared to healthy controls and that HD did not significantly eliminate them. This disagreement with our results could be related to the HD regimen used by Nusken or by the type of filters were used.

5. Conclusions
==============

Resistin levels were elevated in the researcher's patients with CRF more than the case control group and their levels were also elevated in the patients who were on HD more than those patients on the conservative treatment. HD sessions have been found to significantly reduce the levels of resistin, but the patient's levels after the HD session were still higher than what was found in the case control group, so the HD session was still found to be an ineffective treatment in reducing their levels to what would be considered a normal level as demonstrated by the case control group. There was a highly significant negative correlation between the serum risitin level and both the weight and the BMI percentiles as well as a significant negative correlation between the serum resistin level and the height percentiles. The researchers suggest that further studies should concentrate on the effect of elevated serum levels of resistin on CRF and how it affects CRF stage progression. The research reveals that the treatment of growth retardation in children with CRF should center on the treatment of anemia and the correction of any electrolyte and acid-base imbalance that may be present, renal osteodystrophy, in addition to any other complications of CRF. Furthermore, greater attention should be placed on the development of new modalities of HD in order to compensate for compromised renal function in the removal of small sized adipokines and signaling molecules such as resistin to avoid them having any negative health ramification when accumulated in the body.
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###### 

Demographic data of the studied groups

  Variable                Dialysis patients (n=25)   Conservative patients (n=25)   Controls (n=30)   p-value                      
  ----------------------- -------------------------- ------------------------------ ----------------- --------- ---- ------ ------ ------
  Age (year); Mean ± SD   12.9 ± 4.3                 11.0 ± 3.2                     11.8 ± 3.2        0.16                         
  Sex; n (%)              Male                       12                             48.0              15        60   19     63.3   0.49
  Female                  13                         52.0                           10                40.0      11   36.7          

###### 

Resistin level of the studied groups

  ------------------ ----------------- ----------------- -------------- ----- ---------------- --------------
  Variable           Patients (n=50)   Controls (n=30)   p-value                               
  Mean               SD                Median (Range)    Mean           SD    Median (Range)   \<0.001
  Resistin (ng/ml)   20.2              7.58              18.9 (8--45)   4.9   1.72             5 (2.1--9.1)
  ------------------ ----------------- ----------------- -------------- ----- ---------------- --------------

###### 

Resistin level of the studied patients according to CKD stage

  ---------------------------------------------------------------------------------------------------------------------------------
  Variable   Dialysis patients   Conservative patients   Controls   KWT    p-value   Significant pairs                    
  ---------- ------------------- ----------------------- ---------- ------ --------- ------------------- ------ --------- ---------
  Resistin   24.6                7.28                    15.6       4.72   4.9       1.72                63.5   \<0.001   G1A≠G2\
                                                                                                                          G1B≠G2\
                                                                                                                          G1A≠G1B

  ---------------------------------------------------------------------------------------------------------------------------------

###### 

Correlation between Resistin level and anthropometric measurement among the studied patients

  Anthropometric variables   Resistin                      
  -------------------------- ---------- --------- -------- -------
  Weight                     −0.451     0.024     −0.487   0.016
  Height                     −0.398     0.048     −0.296   0.15
  BMI                        −0.704     \<0.001   −0.507   0.01
  Weight percentile          −0.469     0.018     −0.491   0.013
  Height percentile          −0.408     0.043     −0.146   0.48
  BMI percentile             −0.639     0.001     −0.442   0.027

###### 

Correlation between resistin level and renal function among the studied patients

  Renal function variables   Resistin                           
  -------------------------- ---------- --------- ------------- -----------
  Urea                       0.082      0.69      0.103         0.62
  Creat                      0.133      0.53      0.283         0.17
  eGFR                       −0.650     \<0.001   −0.485        0.014
  Duration of dialysis       −0.246     0.23      \-\-\-\-\--   \-\-\-\--
